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(54) Method of controlling fine particulate flowback In subterranean wells 

(57) A weflbore penetrating a subterranean forma- 
tion is treated with a fluid whereby fine particulate flow- 
back is reduced or prevented. The method includes the 
steps of providing a fluid suspension including a mixture 
of a particulate coated with a tackifying compound, 
punping the suspension into a subterranean formation 
and depositing the mixture within the formation whereby 
the tackifying compound retards movement of at least a 
portion of any fine particulate within the formation upon 
flow of fluids from the subterranean formation through 
the welfoore. Alternatively, the tackifying compound may 
be introduced into a subterranean formation in a diluent 
containing solution to deposit upon previously intro- 
duced particulates to retard movement of such particu- 
lates and any fines subject to flow with production of 
fluids from the subterranean formation. 
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Description 



This invention relates to a method of treating a subterranean formation containing fines to control migration thereof 

or JET?; JESS'S!* dUri " 9 *° pr0duCtion 01 "ydr«»rt)on6 from a subterranean formations a continuing 
p^era The transported sol* can erode or cause significant wear in the hydrocarbon production equipment used h 

JnVSSS ^ff • ^' dS 8150 <*" Ck3Q W ^ ttie Weltoore limitin 9 ° r completely stoppTngfluid pro 7uc 

to^epr^clslrTg ^ emulates mUSt * separated fram * e recovered hydrocarbons acSnJ further e^nse 

The particulates which are available tor transport may be present due to the nature of a subterranean formation 
fZV*^! 6 * * mu ' ati0n treatmente wherein »*W« is «^ced into a subterranean formLn 
_ J^*"Tf^" S ^ anean fermatons, it is common to place particulate materials as a filter medium and/or 
a proppant in the near wellbore area and in fractures extending outwardly from the weltoore. In fracturing operations 

rSni 8 J?lS, ,nt ° ^T 68 ^ hydrauBc P re8sure * applied to these subterranean^ foSSto 
a point where fractures are developed. Proppant suspended in a viscosified fracturing fluid is carried artwaXawav 
from the wellbore within the fractures as they are created and extended with continued purrpir^.^re^Tp^ 
ing pressure, the proppant materials remain in the fractures holding the separated rock faces in anooen oositiJ i term 
ing a channel for flow of formation fluids back to foe wellbore. «*»»™« roc* races ,n an open posrtion form- 

nrJ^^^^l prcppantmaterials into the fracturing fluid often results in the crushing of some portion of the 
f^lTZtZ T* thr ° U9h J he pum » >ln 8 and to enter the subterranean formation. This 

ZZT£oZ^nZ^7 apart, , deS,Ze A r 9in f * wn 6liflht,y below the size of the original proppant material to 
SS^^r^T- . ^ Senes - ^ when * e formafion <**as at the conclusion of the treatment some 
crushmg of the proppant matenal may occur producing additional fines. Even when proppant crushing does not «xur 

£ ^r^Ln^T ^ 'iff* ,ineS from thefaceo,the created fracSresTa resuK <5 spalg 
ml^r^?!? ^ Ca ^! eS ^ rmation Particulate to be mixed with the proppant and the like.^ese finX- 
matoon materials also may range from formation grain size to less than 600 mesh. The fines may comprise sand shale 

Z^^T^ ^LT ,in6S fr0m 0081 deoasi,ication °P«^ons and the like. When the w^Ze 
jsproducea, the f mes tend to move into the proppant pack in the fracture tending to reduce the permeabilrtv^ pa* 
The fines also can flow with any production from the wellbore to the surface. PwrneaoiinyoTtnepack. 

This undesirable result causes undue wear on production equipment and the need for separation of soiwe ««» 
produced hy^rbons. Rnes f lowback often may be aggravat^ b^what -s^e^ 2 foe 
wen after a stimulation treatment Aggressive f lowback generally entails f lowback of the treatment^ ata^Snffr^ 
aboutO.001 toaboutO.1 barrels per minute (BPM) per perforation of the 

mto the formation. The rapid ffowrate can result in large quantities of fines flowing back intothe near weUbore aecfosum 
occurs ca^perrneability toss within the formation. The rapid ftowback is highly desirable^ TSSSSSfTS 
returns a wellbore to production of hydrocarbons significantly sooner than vxjuld result from ^TechrtqTeT 
„ J^™* 1 **' * e "aans for addressing the formation particulate or fines problem is to employ resin^oated 

proppants or resin consolidation of the proppant which is not capable of use in aggre^e ffowbac^ 

^ , p,acement Resin-ccated proppant is not always effective at forming a filtration bed since there is some 

drfhoulty facing rt uniformly within the fractures and. additionally, the resin coating can^Wd^ous e5e^ 
SS^ 11 ^ «"« P^PP"* also may interact chemically with common fractX f S^Tn^s^ 
terns such as guar or hydroxypropylguar with organo-metallics or borate crosslinkers This interaction m^in»7t^ 
crosslinWng and/or break times for the fluids thereby affecting placement •rtetacbon results in altered 

'™7^**t? ^Tf?"!" fe C ° mm0n to PteCe 8 fittration bed of gravel in the near-weltoore area in order to 
ZZVl^^JT 1 " to *• tran8port * ""consolidated formation fines with the production of hydrocarbons. Tw* 
ca»y. such soiled -gravel packing operations" involve the pumping and placement oTa^u^ ofXveTan^r sand 
having a mesh size between about 10 and 60 mesh on the U.S. Stanoaid Sfeve Series int^unJ^J^l^ 
tion adjacent to the wetibore. Sometimes muhtole particle si« rar^slre soZ 
times also desrable to bind the gravel particles together in order to form a poroW matrix throooh^k*^v^^t 
can pass ^ng out and retaining the bu!k of the unconsolidated sa^^oT^eT^^ 
bore area by the formation fluids. The gravel particles may constitute a resin-coated graved ^whfoh^e^ we^e^r 
03X1 "a ^^an overffosh of a chemical binding agent once the grave, is in jJTfimSi Tbeen Tknow^tS 

bindtoe particles together. Vanous other techniques also are described in U.S. Patent 5.492 1 78 the entire disclosure 
of which is incorporated herein by reference. disclosure 

U SJ Patents 5.330.005. 5.439.055 and 5.501 .275 disclose a method for overcoming the difficulties of resin coatino 
proppants or gravel packs by the incorporation of a fforous materia, in toe fluid wHh which Z^^arfS. 
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disced into the subterranean formation. The fibers generally have a length ranging upwardly from about 2 mi li meters 
and a diameter of from about 6 to about 200 microns. Rbrillated fibers of smaller diameter also may be used. The ftoers 
are believed to act to bridge across constrictions and orifices in the proppant pack and form a mat or framework which 
holds the particulates in place thereby limiting particulate flowback. The ftoers typically result in a 25 percent or greater 

5 loss in permeability of the proppant pack that is created in comparison to a pack without the fibers. 

While this technique may function to limit some flowback, it fails to secure the particulates to one another in the 
manner achieved by use of resin coated particulates. 

U.S. Patent 5,551 ,514 discloses a method for sand control that combines resin consolidation and placement of a 
fibrous material in intimate mixture with the particulates to enhance production without a grave! pack screen. 

10 n would be desirable to provide a method which wil bind greater numbers of fines particles to the proppant material 
in such a manner that it further assists in preventing movement or flowback of particulates from a wellbore or formation 
without significantly reducing the permeability of the particulate pack during aggressive flowback of treatment fluids. 

We have now devised a method of treating a subterranean formation containing fines, to Inhibit the flow of the fines 
back through the welbore with the production of hydrocarbons, without significant effects upon the permeability of the 

is particulate pack. 

Accortfing to present invention, there is provided a method of treating a subterranean formation to control fines 
migration, which method comprises the steps of introducing a treatment fluid into a subterranean formation through a 
welfoore at a rate and pressure sufficient to create at least one fracture in said formation; admixing with at least a por- 
tion of said fluid, a particulate which is introduced into and subsequently deposited within said fracture; admixing with 

20 at least a portion of said particulate an effective amount of a liquid or solution of a tackifying compound whereby at least 
a portion of said particulate is at least partially coated by said compound such that the continuous critical resuspension 
velocity of said at least partially coated particulate is increased by in excess of about 30 percent when tested at a level 
of 0.5% active material by weight over said particulate alone with water; depositing the tackifying compound coated par- 
ticulate in the subterranean formation; and flowing back fluid from the formation whereby the tackifying compound 

25 coated particulate retards movement of at least a portion of any fine particulate flowing back to said wellbore within said 
formation by adhering said fines to said coated particulate. 

In the method of the invention, the particulate material coated with tackifying compound adheres to fine particulate 
material thereby creating agglomerates which bridge against other particles in the formation to prevent particulate flow- 
back and fines migration. The tackifying compound also may be introduced into the subterranean formation prior to or 

30 after introduction of the proppant particulate. 

The coated material is effective in inhibiting the flowback of fine particulate in a porous pack having a size ranging 
from about that of the proppant material to less than about 600 mesh in intimate admixture with the tackifying corrpound 
coated particulates. 

The coated material is effective in consolidating fine particulate in the form of agglomerates in a formation as a 
35 result of a fracturing or gravel packing treatment performed on a subterranean formation during aggressive flowback of 
the treatment fluid. 

In accordance with present invention, a Squid or solution of a tackifying compound is incorporated in an intimate 
mixture with a particulate material such as conventional proppants or gravel packing materials and introduced into a 
subterranean formation. 

40 As used in this specification, the term "intimate mixture" will be understood to mean a substantially uniform disper- 
sion of the components in the mixture. The term "simultaneous mixture" will be understood to mean a mixture of com- 
ponents that are blended together in the initial steps of the subterranean formation treatment process or the preparation 
for the performance of the treatment process. 

The coated particulate or proppant material may comprise substantially any substrate material that does not unde- 

45 sirabie chemically interact with other components used in treating the subterranean formation. The material may com- 
prise sand, ceramics, glass, sintered bauxite, resin coated sand, resin beads, metal beads and the like. The coated 
material also may comprise an adcftionaJ material that is admixed with a particulate and introduced into a subterranean 
formation to reduce particulate flowback. In this instance the additional substrate material may comprise glass, ceramic, 
carbon composites, natural or synthetic polymers or metal and the like in the form erf «^ ribbons, beads, shav- 

so ings, platelets and the like. In this instance, the additional substrate material generally wil be admixed with the particu- 
late in an amount of from about 0.1 to about 5 percent by weight of the particulate. 

The tackifying compound comprises a liquid or a solution of a conpound capable of forming at least a partial coat- 
ing upon the substrate material with which it is admixed prior to or subsequent to placement in the subterranean forma- 
tion. In some instances, the tackrfying compound may be a sotid at ambient surface conditions and upon initial admixing 

55 with the particulate and after heating upon entry into the weibore for introduction into the subterranean formation 
become a melted liquid which at least partially coats a portion of the particulate. Compounds suitable for use as a tack- 
ifying compound comprise substantially any compound which when in iquid form or in a solvent solution will form a non- 
hardening coating, by themselves, upon the particulate and preferably will increase the continuous critical resuspension 
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^S^J^^ T I 0 ?"? - ** * *™ " «* M *«*«' i" E»n*elr«inexo«.o, 

from about 1 00 to about 200°F over a period of from about 4 to ShoSrs * 8 temperature * 

upon breakers in the fluids and reduce ormSe^'bSSSS3 iSL^S^ < f m P°"nd can reduce effects 
compounds whfch ^ S^c^ng ^urlin^^ ~* 
pctyesters. polycarbonates and potycarbamates. ™^JZ%^Z^£ r^ ^ ^ ** 

pounds may bo uttzM M „„ „,„ „, „„„„„ £ ^^J^STLtSlf *"*°T COm " 
tkw torrparaturet n the treatment fluids A» mm „k Z"7_!-_ ™"™ et ^'**oh*eatlhe8i«>tarraneanlr»r^^ 

ion. preeent In the treatment tUd within he .UaJraneantan^ 

*, m the formation or Intredud «flh th. '!SS!^ m ^^ ma ^ m ^^^'^^ooo^ 
™~^^r^£^ 

to the particulate. At least a ration at** J^Ti. * wnia "* coated with the tackrfying oonpound and then added 
coe, .Ct.S^rSZS"*^ "* • am °°* ^^^^ 
^^""^ofttc^oonwehdMorectem 
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the subterranean formation and the adhered fines to limit or prevent the flow/back of fines to the wellbore. 

The liquid or solution of tackifying compound generally is incorporated with the particulate in any of the conven- 
tional fracturing or gravel packing fluids comprised of an aqueous fluid, an aqueous foam, a hydrocarbon fluid or an 
emulsion, a viscosifying agent and any of the various known breakers, buffers, surfactants, clay stabilizers or the like. 

5 Generally the tackrfying compound may be incorporated into fluids having a pH in the range of from about 3 to 
about 12 for introduction into a subterranean formation. The compounds are useful in reducing particulate movement 
within the formation at temperatures from about ambient to in excess of 275°F It is to be understood that not every tack- 
ifying compound will be useful over the entire pH or temperature range but every compound is useful over at least some 
portion of the range and individuals can readily determine the useful operating range for various products utilizing well 

10 known tests and without undue experimentation. 

It has been discovered that the incorporation of or addition of certain surfactants to the fluid suspension can 
improve or facilitate the coating of the tackrfying compound upon the particulate. The addition of selected surfactants 
has been found to be beneficial at both elevated fluid salinity and elevated fluid pH as wei as at elevated temperatures. 
The surfactants appear to irrprove the wetting of the particulates by the tackrfying compound Suitable surfactants 

75 include: nonionics, such as, long chain carboxyiic esters such as propylene glycol, sorbitol and polyoxyethytenated 
sorbitol esters, polyoxyethylenated aJkylphenote, alkyphenol, ethoxylates, aJkyglucosides, alkanoiamine condensates 
and aJkanoJamides; anionics, such as, carboxyiic acid salts, sulphonic acid salts, sulfuric ester salts and phosphorite 
and polyphosphoric acid esters; cationics, such as, long chain amines and their salts, quaternary ammonium salts, 
polyoxyethylenated long chain amines and quaternized polyoxyethylenated long chain amines; and zwitterion, such as 

20 rvaJkylbetaines. 

The liquid or solution of tackifying compound generally is incorporated with the particulate as a simultaneous mix- 
ture by introduction into the fracturing or gravel packing fluid along with the particulate. Fracturing fluids are introduced 
into the subterranean formation at a rate and pressure sufficient to create at least one fracture in the formation into 
which particulate then is introduced to prop the created fracture open to facilitate hydrocarbon production. Gravel pack- 

25 ing treatments generally are performed at lower rates and pressures whereby the fluid can be introduced into a forma- 
tion to create a controlled particle size pack surrounding a screen positioned in the wellbore without causing fracturing 
of the formation. Alternatively the gravel pack may be performed without a screen, if consolidatable particulate is uti- 
lized, and the pack may fill the wellbore. Thereafter, the pack may be (frilled out flushed or reamed to open a passage 
in the bore, if necessary. The particulate pack surrounding the wellbore then functions to prevent fines or formation par- 
se ticulate migration into the wellbore with the production of hydrocarbons from the subterranean formation. The tackifying 
compound may be introduced into the fluid before, after or simultaneously with introduction of the particulate into the 
fluid. When the tackifying compound is generated in-situ in the formation, the reactarrts may be introduced individually 
as described above for the tackifying compound and the multivalent ion source may be naturally occurring or introduced 
into the formation. The liquid or solution may be incorporated with the entire quantity of particulate introduced into the 

35 subterranean formation or it may be introduced with only a portion of the particulate, such as in the final stages of the 
treatment to place the intimate mixture in the formation in the vicinity of the wellbore. For example, the tackrfying com- 
pound may be added to only the final 20 to 30 percent of the particulate laden fluid introduced into the formation. In this 
instance, the intimate mixture will form a tail-in to the treatment which upon interaction within the formation with the par- 
ticulate will cause the particles to bridge on the agglomerates formed therein and prevent movement of the particles into 

40 the wellbore with any produced fluids. The tackifying compound may be introduced into the blender or into any fbwtine 
in which It will contact the material to be at least partially coated by the compound. The compound may be introduced 
with metering pumps or the like prior to entry of the treatment fluid into the subterranean formation. 

In an alternate embodiment, the particulate may be premixed with the tackifying compound prior to admixing with 
a treatment fluid for use in a subterranean formation. 

4s The surprising discovery has been made that when a polyamide is utilized as the tackifying compound, ferrous 
metal in contact with the treatment f hM has been found to exhibit extended corrosion inhibition. It has been determined 
that minute amounts of the polyamide are dissolved from the coated particulate by hydrocarbons flowing through the 
formation and into the welbore and that such quantities provide extended corrosion protection to the ferrous metals 
contacted thereby and that also are in contact with aqueous fluids introduced into or produced from the subterranean 

so formation. The polyamide material appears to coat or form a very thin flm on the ferrous metal surfaces protecting them 
from contact with aqueous fluids. 

In yet another embodiment of the invention wherein a previously performed fracturing treatment or gravel pack is 
producing back proppant or formation fines with the production of hydrocarbons, a remedial particulate control treat- 
ment may be performed. In this instance, the tackifying compound is admixed with a rfluent such as for example, crude 

55 oil, distillates, butyl alcohol, isopropyt alcohol, a heavy aromatic solvent such as xylene, toluene, heavy aromatic naptha 
or the like, mutual solvents such as ethylene glycol monobutyl ether, propylene carbonate or n-methylpyrolidone or the 
like. The tackifying compound generally will be present in an amount of from about 0.5 to about 30 percent by volume 
of the solution to be used to treat the subterranean formation. The tackifying compound also may be actnixed with 
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selected surfactants and other additives that do not adverse/v mart *k« . . 

with produced hydrocarbons. ^od^n^^^S^^^^T^^ proppant or G™ 6 ' 

that may be produc^^e^^ e ^ subte ™«m formation. Any fines 

nererence is made hereafter to the accompanying drawings wherein: 
Figure 1 provides a schematic illustration of a test apparatus utilized to determine 

for a coated substrate material. W«us utilized to determine the critical resuspension velocity 

Figure 2 provides a graphical illustration of sample permeability 

Figure 3 provides photomicrographs of untreated and treated samples illustrating fines retention. 
To further illustrate the present invention and not by way of limitation, the following Examples are provided. 
EXAMPLE I 



30 



35 



40 



45 



A water slurry of particulate is asoirated into ttuT t«I -m*, ^ and an outlet 14 disposal fine is blocked to fluid flow. 

pump, such as a "MOYNO" pump, is connected to iSetia^nW « , ««£JESS 8 vo,umetrica "y controfled 

fluid is slowly increased throiXilet 12 until tf,?f to JSlSiS^S * 18 lnftiated - ^ vetocity <* «™ 

stream. This determines ^T^^^T^^^^ ^^"^^ te "P by the flowing water 
ur^ltheren^ofpaSb^es^ 

ity. The test then is terminated and theapparau^te/eSlSwS ISSSSS^m^T^^ resu8 P en8ton ve,oc - 
percent active material by weight of the^^te^'S^^^f^^ corres P° ndin 9 *> ^bout 0.5 

the concentrations tested are from 9en8fa " y are in me 

ferred application range bpMMniS£ fJK ? ' ^T^' 0 5 P* 09 " 1 level * t1ich within the pre- 
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TABLE I 



Test No. 


Particulate Size 


Coating Agent, % V/Wt 
Particulate 


Peiwnt Of V^ocrty Change 
At 








Starting 


Continuous 


1 


20/40/mesh sand 


none 


0 


0 


2 


20/40 mesh sand 


1/2 percent polyarrtde 


192 


777 


3 


20/40 mesh sand 


1 percent poiyanide 


271 


391 
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TABLE I (continued) 



5 



Test Na 


Particulate Size 


Coating Agent, % V/Wt 
Particulate 

r cm Uwicuo 


Percent Of Velocity Change 
At 








Starting 


Continuous 


i a 


?0M0 mpch cflrvH 

fcWtV HWWI OCU RJ 


1 /fc ^/Of vQI 14 1^1 IOI milw 


-0.5 


6.5 


c 

w 


OC)JAC\ rrtAfih ccrvi 


i wl II }JI IOI IWIIV 


-9 


-6.8 


e 


OttfAtl moch mnH 


l/fc Hoi VOI 11 PIAMJ 


-9 


-1.2 


7 

/ 


Oft/AO mach conH 

dxuHKj moon ocinu 


i poicoTTi epoxy 


5.2 


12.2 


a 
o 


■ CiC\j 1 1 tool 1 MUM 


i/d poi uoi ii fjuiycu i wjo 


228 


173 


9 


12/20 mesh sand 


1 percent potyamide 


367 


242 | 


10 


12/20 mesh sand 


1/2 percent phenolic 


42 


22 


11 


12/20 mesh sand 


1 percent phenolic 


42 


13 


12 


12/20 mesh sand 


1/2 percent epoxy 


48 


30 


13 


12/20 mesh sand 


1 percent epoxy 


38 


15 



The data dearly illustrates the substantial increase in the critical resuspenston velocity of a particulate coated with 
the tackifying compound in comparison to other known formation consolidation agents which require hardening to be 
effective. 

25 

EXAMPLE II 

To illustrate the ability of the tackifying compound to control fines, the following tests were performed. 
Two sand slurries were prepared and placed in 1 inch diameter, 36 inch tall glass columns having a screen and a 
30 one hole plug stopper at their lower ends which was sealed off. The slurries comprised 250 ml. of a 25 to/1000 gallon 
hyd rated guar, 300 grams 20/40 mesh Brady sand containing 7.4% by weight of 50 mesh and smaller fines material, 
0.5 ml enzyme breaker and 0.5 ml. borate crosslinker. One percent by weight of the tackifying compound of the present 
invention was added to the second slurry. 

The slurries were allowed to sit static for 48 hours. The first column settled to a height of 21.125 inches and the 
35 tackifying compound containing sample settled to a height of 21 .875, inches. 

The broken fluids were removed from the columns above the settled sand in the columns and replaced with water. 
The columns were attached to a constant head water supply. While maintaining the water supply constant, the hole in 
the bottom stopper was opened, water flow rates and permeabilities were determined. The sand packs had settled dur- 
ing the water flow to 20.5 inches and 21 .625 inches respectively. 
40 The flow was resumed, using kerosene and flow rates and permeabilities were determined. Pack heights settled to 
20.125 inches and 21 .437 inches, respectively. 

The difference in the permeability of the packs in the columns is illustrated in the chart comprising Figure 2. The 
difference in the final pack height is an indication of the agglomeration of the fines with the larger particles preventing 
close packing by fines movement as occurs in the untreated column. The lower permeability of the untreated pack also 
45 indicates fines migration has occurred. 

The stabilization properties of the method of the present invention also are determined by flow through an Ameri- 
can Petroleum Institute approved simulated fracture flow cell. 

The ceil contains Ohio sandstone cores having a proppant bed size of about 1.5 inches in height about 7 inches 
in length and about 0.25 inches in width between the cores. The bed is initially prepacked with 20/40 mesh sand by 
so introducing the sand into the cell in an aqueous slurry or a gelled fluid containing 40 pounds of guar per 1000 gallons 
of aqueous fluid. The cell is fitted with a 0.3 inch hole at one end to simulate a perforation. The hole is visfole through a 
sight glass so that proppant production, if any. through the hole can be visually determined. 

The conductivity of the pack is determined at a stress loading of 2000 and 3000 psi for the untreated sand. 
The cell then was cleaned and packed with another proppant pack containing 0.5 percent by weight tacJofying com- 
55 pound for testing. The results of the tested materials are set forth in Table II. below. 
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TABLE II 



10 



15 



20 



I 


uUNDUCTIVITY f mD/ftat 




2000 psi loading 


3000 psi loading 


untreated sample 
treated sample 


4251 
5130 


3487 
3829 



The untreated sample contains significant quantity ^Z^^ J^^T** * apparent in P***- 
to the larger sand particles in thetreated sampT ** ** *"» found ,0 be Primarily attached 

EXAMPLE III 

^-teTo^ 

100 ml of tap water. A selected quan^t^ Xc^s^i^f 20/ *>*** frac *** admixed with 
ton was determined. The turbtfitywasme^ a ■■"*» theturbidHy of the solu- 

tometer. Model 6-20. The resuHs are set forth I "abte TSU ° * C ° ,eman Junior " SP«*opho- 
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30 



TABLE III 



55 



40 



SAMPLE 


TACKIFYING COM- 
POUND, ml 


TURBIDITY, FTU 


1 


! 0 


43 


2 


0.25 


38 


3 


0.5 


18 


4 


1.0 


12 



TABLE IV 



so 



SAMPLE 


TACKIFYINQ COM- 
POUND, ml 


TURBIDITY, FTU 


1 


i 0 


337 


2 


0.25 


137 


3 


0.5 


56 


4 


1.0 


29 



EXAMPLE IV 
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treatments comprised approximately 2000 gallons of 1 5% acetic acid, 24,000 gallons of a guar containing pad, 60,000 
gallons of a fracturing treatment including approximately 300,000 pounds of 12/20 sand and 2000 gallons of flush fluid. 
The fracturing fluid comprised a borate crosslinked fluid containing 20 lbs guar per 1000 gallons of fluid. The fluid also 
contained day control additives, surfactants, gel breakers and biockJe. One treatment included approximate 1 .0 percent 

5 tackifying compound added to the sand during performance of the treatment 

The initial production of the wells was about 180 MCF per day and about 180 BWPD. Post frac production after 
cleanup of fracturing treatment fluid on the well without fines control is about 500 MCF and about 400 BWPD. The well 
having the treatment utilizing fines control techniques of the present invention after clean up of fracturing treatment fluid 
is producing about 800 MCF per day and about 600 BWPD. The first well is producing fracturing treatment sand and 

10 coal fines into the wellbore along with the production of gas. The well treated with the tackifying conpound is not pro- 
ducing measurable amounts of fines or fracturing treatment sand. 

EXAMPLE V 



13 To illustrate the corrosion inhibition of a f 9m of the tackifying compound comprising polyamfcJes, the following tests 
were performed on carbon steel coupons weighing approximately 1 gram at 160°F in simulated sweet and sour well 
conditions. 

Test fluids are placed in sealed bulk containers and purged for a minimum of six hours with carbon dioxide. For sour 
gas tests, H 2 S then is bubbled into the container for 1 5 to 20 minutes. The proper amount of pofyarrride is dispensed by 

so syringe into each test bottle. The test bottles are 7 ounce capacity. The blank samples contain no polyamide. Each bot- 
tle is purged with carbon dioxide to displace air and a previously weighed and cleaned sample coupon is placed in the 
bottle. A quantity of 108 ml of NACE brine and 12 ml of kerosene then are added to the bottles from the purged bulk 
containers. The bottles are capped and placed on a rotating wheel and rotated for 1 hour at 160°F. ± 10°F The bottles 
then are removed from the wheel and the cotpons are transferred to bottles containing brine and kerosene without 

25 inhibitor under a carbon dioxide purge to rinse the coupons. The blanks are not transferred since the blank sarrple bot- 
tles contain no inhibitor. The bottles are returned to the rotating wheel for an additional hour. The bottles then are 
removed from the wheel and the coupons are transferred to bottles having the same brine and kerosene mix without 
the polyamide. The transfer is effected under a carbon dioxide purge and the bottles are returned to the wheel for an 
additional 72 hours at about 160°F to determine corrosion effects on the samples. Sarrples containing H 2 S were 

30 returned to the wheel only for 24 hours. After completion of the exposure time, the coupons are retrieved from the bot- 
tles, cleaned, dried and weighed. The corrosion loss then is determined. Each sample is run in triplicate and the values 
are averaged to determine the loss for a sanrple condition. The results of the tests are set forth in Table V below. 



TABLE V 



Sample 


Polyamide Concentra- 
tion, ppm 


H 2 S Present 


Corrosion Rate, Ibs/ft2 


1 


0 


No 


8.564 


2 


2500 


No 


1.233 


3 


50 


No 


1.103 


4 


0 


Yes 


3.193 


5 


2500 


Yes 


0.183 


6 


50 


Yes 


0.455 



The polyamide film formed on the ferrous metal surface in contact with the aqueous fluid provided significant cor- 
so rosion protection in comparison to samples having no film as a result of contact with the tackifying compound. 

While the present invention has been descrfoed with regard to that which is currently considered to corrprise the 
preferred embodiments of the invention, other embodiments have been suggested and still other embodiments will 
occur to those individuals skilled in the art upon receiving the foregoing specification. 

55 Claims 

1. A method of treating a subterranean formation to control fines migration, which method comprises the steps of 
introducing a treatment fluid into a subterranean formation through a wellbore at a rate and pressure sufficient to 
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Figure 2 
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tion is treated with a fluid whereby fine particulate flow- 
back is reduced or prevented. The method includes the 
steps of providing a fluid suspension including a mixture 
of a particulate coated with a tackrtying compound, 
pumping the suspension into a subterranean formation 
and depositing the mixture within the formation whereby 
the tacidfying compound retards movement of at least a 
portion of any fine particulate within the formation upon 
flow of fluids from the subterranean formation through 
the weilbore. Alternatively, the tacWfying compound may 
be introduced into a subterranean formation in a diluent 
containing solution to deposit upon previously intro- 
duced particulates to retard movement of such particu- 
lates and any fines subject to flow with production of 
fluids from the subterranean formation. 
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